Cultures of human conjunctiva, HeLa, and KB cells infected with herpes simplex virus (HF strain) were cultured for prolonged periods in medium containing low levels of antibody. After continuous culture of the infected cell lines for 6 months, two major changes were noted in the character of the virus present in the cultures. These changes consisted of an alteration in the type of cytopathic effect produced by the virus and marked loss of virulence for mice. Further study of the virus from the cultures revealed that it was still antigenically similar to the original strain of herpes virus. It was found that the variant produced an altered, proliferative type of cytopathic effect only in the presence of herpes antibody. The variant multiplied more slowly in human conjunctiva cells in culture than did the parent virus, and the variant had lost practically all capacity for multiplication in the brain of mice. Viral carrier states in tissue cultures have been described by several workers using a variety of virus-cell systems (reviewed by Ginsberg (1958) ). Several techniques have been found effective in establishing cultures in which there is a sufficiently stable relationship between virus and cell to allow long term culture. As pointed out by Ginsberg (1958) , the outstanding feature of most of these carrier states has been a relative insusceptibility of the cells resulting from one or more of several possible mechanisms. Frequently this has been accomplished, at least initially, by protecting the cells with antibody added to the culture medium. In the study reported here it was found that with the addition of human serum containing low levels of antibody to cell cultures infected with herpes simplex virus it was possible to continue such cultures for prolonged periods. In contrast to most previous reports on carrier cultures where any changes in the system have usually been attributed to changes in the cells, it was observed in this study that striking changes in the characteristics of the virus appeared after several months of culture. The observed changes in viral characteristics are described in this report.
MATERIALS AND METHODS
Virus. Herpes simplex virus (HF strain), here referred to as herpes virus, was obtained from the American Type Culture Collection. In this laboratory the virus was passed serially through 2 mouse passages and 19 tissue culture passages. Virus from the fifth tissue culture passage was used for initial infection of the carrier cultures.
Tissue cultures. HeLa (Scherer, Syverton, and Gey, 1953) , KB (Eagle, 1955a) , and human conjunctiva cells (Chang, 1954) were routinely cultivated in 200-ml flat-sided bottles at 37 C. Medium for the growth of all cell lines was Eagle's basal medium (Eagle, 1955b) and 20% horse serum. Cells were dispersed with 0.05% trypsin (Nutritional Biochemicals Corporation, Cleveland, Ohio, 1:300) and were distributed to tubes, bottles, and petri dishes as needed.
Horse serum was obtained from a local commercial source. Human serum was obtained from a selected group of local donors. Approximately equal amounts of the human serum from each donor were pooled and filtered through a Seitz positive pressure filter before use. The pooled serum was assayed for neutralizing antibody against herpes virus. A dilution of 1:2 of the pooled human serum neutralized approximately 300 plaque-forming units of virus. All sera were inactivated at 56 C for 30 min before use.
Virus titrations. Titration of stock and variant viruses was done both in tube cultures and by a plaque technique. Tube cultures seeded with 6 X 105 cells were incubated at 37 C until the cells formed confluent sheets. The cultures were washed once with balanced salt solution and inoculated with serial, 2-fold dilutions of virus in Eagle's basal medium containing 5% horse serum. Cultures were examined microscopically for a period of 7 days for cytopathic effect (CPE) of the virus, and the 50% infective dose (TCID50) was calculated by the method of Reed and Muench (1938) .
Plaque assays were made using monolayers of conjunctiva cells in 60-mm petri dishes. The growth medium was removed and the cells were washed with a balanced salt solution. After appropriate dilution in Eagle's medium containing 3% horse serum, 1 ml of the virus suspension was added to each culture. Two dishes were inoculated for each 2-fold dilution. After a 2-hr adsorption period, the inoculum was removed and an overlay of 1.5% methylcellulose in medium 199 (Morgan, Morton, and Parker, 1950) was applied. Plaques, 2 to 3 mm in diameter, developed in 3 days at 37 C in an atmosphere of 5% carbon dioxide and 95% air, and were readily counted without staining. 
RESULTS
Production of herpes carrier cultures. Bottle cultures of HeLa, KB, and conjunctiva cells were inoculated with 1,000 TCID50 of herpes virus contained in 1 ml of balanced salt solution. The cultures were incubated at 37 C for 1 hr to allow for adsorption of virus after which 9 ml of growth medium containing 30% pooled human serum were added to each bottle. The cultures were incubated at 37 C thereafter and medium was changed every 2 to 4 days to provide optimal conditions for cell growth. The course of infection was followed by daily observations.
Focal lesions appeared in all cultures within 24 hr. The lesions enlarged slowly on successive days but otherwise appeared similar to those produced by stock virus in the absence of human serum. Few new lesions appeared at 48 or 72 hr. When the virus had destroyed the majority of cells in the cultures, the remaining uninfected cells multiplied sufficiently to form a fairly complete sheet of cells covering the side of the culture bottle. Following this outgrowth, cellular degeneration again proceeded slowly producing alternate cycles of degeneration and regrowth of the cultures. Such infected cultures could be subcultured at frequent intervals or kept without subculturing for an indefinite period during which they continued to produce virus. Virus could be detected consistently in all cultures by inoculation of either cells or uncentrifuged supernatant culture fluid into mice and tissue cultures. After 4 to 5 weeks, the concentration of pooled human serum in the culture medium was reduced to 10% without noticeable change in activity of the virus in the cultures. Omission of the human serum from the medium at any time resulted in rapid and complete destruction of all cells in the culture.
Infected cultures were maintained in this manner for over 212 years to demonstrate the stability of such a system. Both infected HeLa and KB cultures were maintained for periods up to 1 year without subculturing. Other similarly infected cultures were passed serially at 2-to 3-week intervals for the duration of the studies. After continuous culture of the infected cell lines for 6 months, two changes were noted in the character of the virus present in the cultures. These changes consisted of (i) an alteration in the type of CPE produced by the virus both in the carrier cultures and in normal cell cultures in the presence of human serum, and (ii) marked loss of virulence for mice.
Alteration in CPE of virus. The type of cellular degeneration seen in the carrier cultures during the first few months after infection is pictured in Fig. 1 (Fig. 2) . Some cells from these masses eventually were released into the medium, but little or no cell lysis was apparent. Although such foci continued to increase in size for 7 to 9 days, histological staining showed no definite indicatibn of increased mitosis in the cell masses or in the surrounding area. All cells in the lesions were apparently infected as indicated by the presence of intranuclear inclusions. Similar Figure 3 demonstrates two differences in the behavior of the stock and variant viruses in tissue culture. Although the number of infectious units inoculated was the same for each virus, at the end of the 2-hr adsorption period the amount of residual detectable virus was more than one log higher in cultures infected with the variant virus than in those containing the stock virus, and this difference persisted throughout the eclipse phase. Following the eclipse phase the variant virus multiplied at a slower rate than the stock virus, reaching a peak at 48 hr, whereas the stock virus attained an equivalent titer at 30 hr. Calculations made from the straight portions of the curves give a doubling time of approximately 112 min for the stock virus and 191.5 min for the variant strain. sera containing antiherpes antibody neutralized similar numbers of plaque-forming units of virulent and attenuated virus. Similarly, antiserum prepared in rabbits against the variant virus neutralized approximately equal numbers of plaque-forming units of virulent and variant virus. Extensive comparison of the antigenic makeup of the variant and parent strains by the several available methods was not done, but the neutralization tests indicated that, the variant strain possessed the antigenic characteristics of herpes virus and that there was no major antigenic difference between the two strains.
Although injection of the attenuated virus into the brains of mice resulted in little or no yield of infectious virus, it appeared possible that such inoculation might, nonetheless, render the animals resistant to challenge with virulent virus. An experiment was performed to test this possibility. Thirty mice were inoculated intracerebrally with 105 TCID5o of living attenuated virus. A similar group of mice was inoculated with virus heated to 56 C for 30 min. A third group was inoculated with normal tissue culture fluid and cells and a fourth group was left as untreated controls. Four weeks after the initial inoculation, all four groups were challenged with serial 10-fold dilutions of virulent herpes virus. Five mice were inoculated per virus dilution in each group. The results shown in (Gray, Tokumaru, and Scott, 1958; Scott and McLeod, 1959; Scott, McLeod, and Tokumaru, 1961) , and by Finkelstein, Allen, and Sulkin (1959) , indicating that most cultures of herpes virus are composed of populations producing two or three types of CPE, tend to support the assumption that the changes observed in the present study resulted from selective processes. The variant observed in the present study appeared, in fact, to be similar to Scott's "proliferative strain" (Gray et al., 1958; Scott and McLeod, 1959) in the character of the CPE produced. There were distinct differences, however, since the virus of this study produced proliferative foci only in the presence of antiserum, was relatively slow in its multiplication rate, and was avirulent for mice. Scott's proliferative strain, on the other hand, produced proliferative foci in medium free of antibody, was similar in multiplication rate to lines of virus producing other patterns of CPE, and retained its virulence for mice (Scott et al., 1961) .
In another study concerned with herpes simplex in carrier cultures, Hoggan and Roizman (1959) found that a variant emerged after continued passage of herpes virus in FL cells. Their variant also was similar to one described by Scott and co-workers, but it was one that produced large multinucleated giant cells rather than the proliferative foci seen in the present study. There was, perhaps, some difference from Scott's "giant-cell line" of virus, in that the syncytial CPE of the variant of Hoggan and Roizman was produced in the presence of antibody (Hoggan and Roizman, 1959; Hoggan, Roizman, and Roane, 1961) , whereas that of Scott was seen in the absence of antibody.
Change in virulence or in other characteristics of the virus has not been prominently mentioned in studies of virus carrier systems (Ginsberg, 1958) . Wheeler and Canby (1959) , for instance, studied carrier cultures of herpes virus using antibody containing culture procedures not very different from those used by us and by Hoggan and Roizman, and yet they apparently did not observe changes in the characteristics of the virus. In some carrier systems studied by other investigators, the virus has ceased to produce CPE, but this has usually been attributed to an increase in cell resistance by cell selection or some other mechanism, such as interference. In view of the variability of viruses, however, and the tendency of culture systems to select for variants, it seems surprising that changes in the virus population were not observed frequently in the course of the several studies now reported. Our study and that of Hoggan and Roizman indicate that change in the virus population can occur with herpes virus, and it seems likely that similar variation will be found in carrier cultures involving other viruses if it is looked for.
Major attention in the present study was 
